
Eiochemim/ Phormuco~o~y, Vol. 46, No. 2. pp. 307410. 199% 
Printed in Great Britain. 

MKl&2952/93 $6.00 + 0.00 
@ 1993. F’ergamon Press Ltd 

MODULATORY EFFECT OF HYPERTHERMIA ON 
HEPATIC MICROSOMAL CYTOCHROME P450 IN MICE 

M. REZA ANARI and KENNETH W. RENTON* 
Department of Pharmacology, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4H7 

(Received 18 Janwry 1993; accepted 8 March 1993) 

Abstract-It is widely known that the clearance of drugs is often compromised during episodes of 
infectious disease via a down-regulation of cytochrome P450 (P450) at a pre-translational step in enzyme 
synthesis. Etiocholanolone (ETC), a potent inflammatory agent, induces fever in humans and causes a 
decrease in the clearance of certain drugs that are metabolized by P450. On this basis it is widely believed 
that the fever per se rather than the immune modulation that occurs during infections may have a major 
role in depression of microsomal P450 enzymes during viral infections in humans. In the present study, 
we demonstrated that although ETC did not induce hyperthermia in mice, it still evoked a depression 
of the levels of P450 in hepatic microsomes. Ethoxyresorufin 0-deethylase. (EROD) was also inhibited 
significantly when hepatic microsomes were incubated with various concentrations of ETC in uitro. P450 
levels and EROD activities remained unchanged following hyperthermia that was induced by a non- 
inflammatory procedure using 2,4_dinitrophenol. Provided the response in rodents is similar to humans, 
these results indicate that the depression of drug biotransformation by ETC in humans is more likely to 
be caused by the direct effects of this agent or other mechanisms rather than by the fever it produces. 
This may suggest that the loss of drug metabolism in humans during infections is due to the activation 
of host defence responses rather than to the febrile nature of the illness. 

The down-regulation of cytochrome P450 (P450t) 
during infectious disease or following the stimulation 
of host-defence responses has been reported widely 
[l ,2]. A loss in the capacity of liver to metabolize 
drugs during infection occurs in both animals and 
humans [3-6] and has been demonstrated to occur 
in animal species via the production of interferon 
and other cytokines and a loss in P450 at a pre- 
translational level [2,7,8]. Although it is likely that 
this mechanism also occurs in humans, it is a widely 
held belief that the loss in drug clearance observed 
clinically is caused by the hyperthermia that 
commonly accompanies these illnesses [9]. This idea 
is based on experiments with etiocholanolone 
(ETC) , an inflammatory pyrogenic steroid [lo], that 
decreases the clearance of a number of agents in 
humans. During ETC-induced fever, clearance of 
drugs such as antipyrine [ll], salicylamide [12], and 
quinine [13] is decreased. As all of the reports on 
decreased drug clearance during viral illness in 
humans also reported the presence of fever [4,6,14], 
it has been concluded that hyperthermia was a major 
determinant in drug metabolism loss. On the other 
hand, drug biotransformation in animals is down- 
regulated during host defence activation even in the 
absence of fever [2], which raises questions about 
the role of fever in humans as the loss of 
drug clearance following the administration of 
etiocholanolone could have resulted from immune 
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t Abbreviations: P450, cytochrome P450; DNP, 2,4- 
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activation by this steroid or by a direct action of the 
drug itself. 

In this study in mice, we investigated whether 
ETC has a direct effect on drug biotransformation 
in the absence of fever and attempted to determine 
if drug biotransformation can be down-regulated 
during a non-immune-mediated hyperthermia. 

MATERIALS AND METHODS 

Chemicals. ETC (CAS 53-42-9), 2,4-dinitrophenol 
(DNP; CAS 51-28-5) and all other reagents were 
obtained from the Sigma Chemical Co. (St. Louis, 
MO). 

Animal treatment. Adult male Swiss Albino mice 
(CD-l), 20-25 g, were obtained from Charles River 
Canada Laboratories, Montreal, Quebec. Mice were 
allowed to acclimatize for at least 6 days on clay 
chip bedding, with a 12-hr light/dark cycle and a 
22 f 1” room temperature. Diet consisted of Purina 
Rat Chow and water ad fib. DNP (25 mg/kg body 
wt in 0.1 mL normal saline, pH 7, s.c.) and ETC 
(30 mg/kg in 0.1 mL polyethylene glycol 300, i.p.) 
were administered as single doses, Control groups 
were injected with an equivalent volume of the 
vehicles. Rectal temperature was recorded with a 
digital microprobe thermometer model BAT-12 and 
RET-3 rectal probe for mice (Harvard Apparatus 
Co., South Natick, MA), which was inserted rectally 
to a depth of 20 mm. To adapt animals to the 
technique and minimize stress-induced hyper- 
thermia, rectal body temperature was measured 
twice a day for 3 days before the pyrogen injections. 

Enzyme determinations. Hepatic microsomes 
were prepared as previously described [15] and 
resuspended in 20% (v/v) glycerol phosphate buffer 
(0.2 M, pH7.4) and stored at -80”. Protein was 
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Fig. 1. Effect of ETC on hepatic total microsomal P450 
and EROD activity in ho. Mice (N = 4) were killed 24 hr 
after injection of ETC (20 and 30 mg/kg, i.p.). Microsomal 
enzymes were prepared and analyzed as described in 
Materials and Methods. The control value of P450 
was 0.78 +- 0.13nmoQ’mg protein and that for EROD 
205 2 23 pmol reso~fin/mg protein/min. Values are means 
of: SEM. Key: (*) sigificantly different from controt, 

P c 0.05. 

determined by the method of Lowry et al. 1161, and 
P450 by the method of Omura and Sato [17]. 
Ethoxyresorufin O-deethylase (EROD) activity was 
determined by the method of Burke and Mayer [18] 
and likely represents a measure of several P450 
isoenzymes in non-induced mice. ETC was dissolved 
in dimethyl suifoxide (DMSO), which provided a 
final ~n~ntration of 61 mM per incubation. 

Statistical analysis. One-way analysis of variance 
followed by the Scheffe’s test were used for 
comparison amongst the multiple-treated groups and 
the relevant controls. 

RFSULTS 

Effect of ETC on totai P450, EROD activity and 
body temperature. The effect of in vivo treatment 
with ETC on P450 and EROD activity in hepatic 
microsomes prepared from mice is illustrated in Fig. 
1. P4SO and EROD were decreased 24 hr following 
the administration of 30mg/kg of ETC. No 
hype~hermia was observed over a 12-hr period 
following the maximum tolerable dose of ETC 
(30mg/kg), as shown in Fig. 2. When hepatic 
microsomes were incubated in vitro with ETC, 
concentrations greater than 2 ,uM significantly 
inhibited EROD activity (Fig. 3). DMSO, which 
was used as a vehicle at the concentration of 61 mM 
in the in uivo studies, did not affect EROD activity. 

EJffect of DNP on P450, ERUD activity and body 
temperature. The hyperthermic response of animals 
treated with DNP is illustrated in Fig. 4. DNP 
induced a rapid monophasic hyperthermic response 
reaching a mean elevation of 39” after 45 min that 
was maintained for at least 2 hr. DNP treatment did 
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Fig. 2. Effect of ETC on body temperature. Rectal 
temperature was measured in all animals at time 0, after 
which four mice were injected with ETC (30 mg/kg, i.p.). 
The control group of four mice was injected with 
polyethylene glycol 300, i.p. Values are means + SEM. 
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Fig. 3. Inhibitory effect of ETC on hepatic microsomal 
ethoxyresorufin 0-deethylation in oitro. Pooled hepatic 
microsomes of two saline control mice were used with a 
final microsomal protein concentration of 0.125 mg/mL. 
ETC at various concentrations in DMSO was added to the 
microsomal suspension prior to the addition of substrate. 
Each value is the mean % SEM of three replicates. Key: 

(*) significantly different from control, P < 0.05. 

not produce any changes in the levels of P450 or 
EROD activity. The levels of P450 (0.8 ? 0.1 vs 
0.7 * 0.1 nmol/mg protein) and EROD activity 
(335 * 16 vs 322 + 12 pmol resorufin/mg protein/ 
min) in microsomes prepared from animals treated 
with DNP for 24 hr were identical to those in 
microsomes prepared from control animals. 

DISCUSSION 

In most reported cases of decreased drug 
biotransformation in humans during infectious 
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Fig. 4. Effect of DNP on body temperature in mice. Rectal 
temperature was measured d all animals at time 0, after 
which eight mice were injected with DNP (25 mg/kg, s.c.). 
The control group of eight mice was injected with saline, 

S.C. Values are means + SEM. 

disease, fever has been observed as an integral 
part of the illness [4,6,14,19]. ETC, a potent 
inflammatory agent and pyrogen in humans, has 
been used widely in volunteers to evaluate the role 
of fever in drug disposition [ll-131. Elin et al. [ll] 
demonstrated that in 14 out of 33 subjects, who met 
a defined minimum criteria indicating that fever had 
been evoked by ETC, the clearance of antipyrine 
(10 mg/kg) was impaired, but there was no overall 
correlation between the degree of fever and the loss 
in antipyrine clearance. When higher doses of 
antipyrine (18 mg/kg) were used in only three 
subjects, no fever occurred and no decrease in 
clearance of antipyrine was observed. Although this 
higher dose of antipyrine used in this study may 
have suppressed the fever, the elimination of quinine, 
which has no antipyretic effect, has also been shown 
to be impaired following ETC administration [13]. 
These observations in both natural infections and 
following ETC administration have led to the belief 
that fever plays a central role in P450 depression in 
humans during infectious disease. On the other 
hand, data from other species indicate that the loss 
in drug biotransformation occurs primarily as a result 
of host defence response activation ]I, 21. 

In the present study, our results indicate that ETC 
treatment does not induce a febrile response in mice 
but can lower the levels of P450 in the liver, and 
when ETC is incubated with microsomes in vitro, it 
can directly inhibit the metabolism of ethoxyresorufin 
by P450. This suggests that ETC has a direct effect 
on drug biotransfo~ation capacity in the liver that 
is independent of an evoked h~~he~ia. ETC 
and other pyrogenic steroids produce fever in the 
human but not in the rabbit, dog, cat, guinea pig, 
rat or mouse [20], which is consistent with the finding 
that ETC can release endogenous pyrogen from 
human leucocytes but not animal leucocytes in vitro 
[21]. The in viva effect of ETC in humans may be 

mediated via interleukin-1 as ETC is a potent inducer 
of this inflammatory cytokine [22], which is a well 
known pyrogen ]23]. interleukin-1 can down-regulate 
P450 directly via a pre-positions mechanism in 
animals 1241. In the original study by Elin ef af. [ 111, 
only 14 subjects responded and the correlation 
between fever and drug metabolism loss was poor. 
It therefore seems likely that the down-regulation 
of P450 in humans following ETC administration is 
due to the effect of interleukin-1 and/or a direct 
effect of ETC on the enzyme and that the production 
of fever is concomit~t but not responsible for the 
effect on drug metabolism. 

We have also demonstrated that following a non- 
inflammatory-type fever induced by DNP, P450 
and EROD activity were unchanged in hepatic 
microsomes. Similarly, Neville and Singh [25] 
reported that whole-~dy hy~~he~ia induced by 
a radiant heat device does not affect the total content 
of hepatic P450. The small but significant depression 
of aminopyrine N-demethylation reported by Neville 
and Singh [25] may be related to the induction of 
interleukin-1 [24] as whole-body hyperthermia is 
capable of inducing release of interleukin-1 in vivo 
Pa 

Our results indicate that the pyrogenic steroid 
ETC that was used to invoke fever as a mechanism 
for the down-regulation of P450 during human 
infectious disease has direct effects on P450- 
mediated drug biotransformation. Androstanedione- 
derivatives like ETC have been shown to have a 
high binding affinity in their interactions with hepatic 
microsomal P450 compared with other steroids [27], 
High binding affinity of ETC toward microsomal 
enzymes could lead to the occupation of available 
binding sites of P450 and inhibit binding of other 
substrates by a competitive mechanism or could 
deactivate P450 via a non-competitive mechanism. 
These observations stren~hen the argument that 
ETC depresses P450 by a direct mechanism rather 
than via its pyrogenic properties. The lack 
of depression of P450 in non-inflammatory-type 
hyperthermia induced by DNP [28] also suggests 
that fever has little effect on drug biotransformation. 
We conclude that the loss in drug clearance that 
often accompanies infectious disease in humans is 
more likely due to the activation of host defence 
mechanisms than to the fever that accompanies the 
disease. 
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